The aim of this study was to assess antioxidant and antimicrobial activities of anthocyanin rich extracts of two wild berry fruit species from the Vlasina region, namely, cornelian cherry (Cornus mas) and wild blackberry (Rubus fruticosus). The phenol and anthocyanin content was determined using spectrophotometric and high performance liquid chromatography (HPLC) assays. The antioxidant activity was estimated by 2,2`-diphenyl-1-picrylhydrazyl (DPPH) assay, while disc diffusion and broth microdilution tests were carried out to determine the antimicrobial activity. All extracts showed high radical scavenging activity and antimicrobial activity on all tested bacterial strains. The extracts of wild berry fruits can be suitable for the preparation of different nutritional and pharmaceutical ingredients.
Introduction
Blackberry (Rubus fruticosus) is a perennial shrub, native to Europe. It prefers well-drained, loamy and moist soils. Blackberry is very tolerant of poor soils and in folk medicine was usually used to treat dysentery, diarrhea, hemorrhoids and cystitis [1] [2] [3] [4] [5] . It can be used as prevention against heart disease, cancer and eye degenerations. The leaves are useful in traditional phytotherapy treatments of wounds, sores, scratches, gum inflammations, ulcers and sore throat in Mediterranean countries [1] [2] [3] [4] [5] . Blackthorn (Prunus spinosa L.) is native to Europe, western Asia and Northwest Africa.
Cornelian cherry (Cornus mas) is a deciduous shrub, growing 5 to 12 meters tall. The plant is native to south Europe and southwest Asia. Traditionally, cornelian cherry was applied in cases of fevers (bark, shoots and root) and diarrhea (fruit). Today, it is used for various ailments: stomach ache and cramps, diarrhea, different skin infections, intestinal parasites and hemorrhoids.
There are a number of studies on different berry fruit phenols and their antioxidant and antimicrobial activities [5] [6] [7] [8] [9] [10] but rare for wild species. Our aim was to determine and compare the anthocyanin composition in the extracts of wild berry fruits from southeast Serbia, namely cornelian cherry (Cornus mas), and wild blackberry (Rubus fruticosus), as well as their antioxidant and antimicrobial activities.
Experimental
Chemicals Acetonitrile, methanol and acetic acid of HPLC-grade were obtained from Merck (Darmstadt, Germany); 2,2`-diphenyl-1-picrylhydrazyl (DPPH) free radical and pure anthocyanin standards were supplied from Sigma Chemical Co. (St. Louis, MO, USA). The reagents were of analytical quality.
Samples
The samples of wild fruits were collected in the Vlasina region (Natural Park) which is located in Southeast Serbia. The climate of this region is typical of mountains with the absolute maximum air temperature of 31.6 °C, and minimum of -31.5 °C. Wild blackberry (Rubus fruticosus) and cornelian cherry (Cornus mas) were harvested at the commercial maturity stage in July -August 2012. Immediately after harvesting, the fruits were frozen and stored at -20 °C until analysis.
Voucher specimens were deposited in the Herbarium of the Institute of Botany and Botanical Garden "Jevremovac", Faculty of Biology, University of Belgrade, under accession number 16634 (Cornus mas) and 16636 (Rubus fruticosus), BEOU [11] . The plant species were identified by Prof. Dr Vladimir Ranđelović, Faculty of for Mathematics and Science, Department of Biology, University of Niš.
Preparation of extracts
The fresh fruits (10 g) were crushed in a grinder for 2 min, extracted three times with 35 ml acidified methanol solution (formic acid/methanol/water, 0.1/70/29.9, v/v/v%) in a magnetic stirrer for 24 h in the dark and then centrifuged for 10 min at 4000 rpm. The extracts were combined and purified through a 0.45 μm syringe filter (Millipore) before analyses.
Determination of antioxidant activity Total phenol content was determined spectrophotometrically [12, 13] . The dilute extract was mixed with 2% HCl in 95% ethanol approximately 15 min before reading the absorbance at 280 nm with a UV/Vis Agilent 8453 spectrophotometer. The absorbance A280 nm was used to estimate phenolics (gallic acid was used as a standard).
The radical scavenging activity (RSA, %) of the wild fruit extracts was analyzed by using DPPH assay [14, 15] . The antioxidant assay is based on the measurement of the loss of DPPH color by change of absorbance at 515 nm caused by the reaction of DPPH with the tested sample. The reaction was monitored by a UV/Vis spectrophotometer. The diluted extract and fresh 1 × 10 -4 M DPPH methanolic solution were put into a cuvette at the room temperature. After the 20 min incubation period at room temperature, the absorbance was read against a blank (the absorbance of the diluted sample extract) at 515 nm.
Radical scavenging activity (RSA, %) of each extract was calculated from the decrease of absorbance according to Eq 1.
where Acontrol is the absorbance of the control reaction, Ablank is the absorbance of the dilute extract and Asample is the absorbance of the extract with DPPH radical.
RSA was plotted against the extract concentration (ml/g) to determine the concentration of the extract that reduces the activity by 50% (EC50).
High performance liquid chromatography (HPLC) analysis Anthocyanins were analyzed by direct injection of the extracts, previously filtered through a 0.45 μm pore size membrane filter, in an Agilent Technologies 1200 chromatographic system equipped with a quaternary pump, an Agilent diode array detector 1200 with RFID tracking technology for flow cells and UV lamp and 1200 Fluorescence Detector for multi wavelength detection, on-line acquisition of Ex and Em spectra, 8ul flow cell, an automatic injector, and a ChemStation software. The column was thermostated at 30 °C. After injecting 5 μl of the extract, the separation was performed in an Agilent-Eclipse XDB C-18 4.6 × 150 mm column. The HPLC grade solvents used were formic acid/water as solvent A and acetonitrile/formic acid/ water as solvent B. The elution profile was as follows: 0 min, 100% A, 0% B; 10 min, 90% A, 10% B; 20 min, 80% A, 20% B; 30 min, 70% A, 30% B: 35 min, 50% A, 50% B; 40 min, 20% A, 80% B. The system was equilibrated using starting conditions for 10 min prior to injection of the next sample. The flow-rate was at 0.8 ml/min [13] . The detection wavelength was 520 nm. The identification and quantitation of anthocyanin compounds were made by means of a calibration curve obtained with standard solutions of pure anthocyanin standards and with the data given in the literature [6] . The results were expressed as mg/kg fruit. 8 CFU/ml, depending on genera -consensus standard by National Committee for Clinical Laboratory Standards (NCCLS). Preliminary antimicrobial tests were carried out by a disc diffusion method using 100 μl of bacterial suspension spread on MuellerHinton agar (MHA, Torlak) in sterilized Petri dishes (90 mm in diameter). The discs (9 mm in diameter, HiMedia Laboratories Pvt. Limited) were impregnated with 50 μl of the testing samples and placed on the inoculated agar (20 ml). The inoculated plates were incubated for 24 h at 37 °C. Reference antibiotics, chloramphenicol (30 μg/disc), streptomycin (30 μg/ disc) and tetracycline (30 μg/disc) served as a positive control, while the solvent (water -50 μl/disc) was used as a negative control. The solvent (water) showed no inhibitory activity. All the tests were performed in triplicate. The antibacterial activity was evaluated by measuring the zone of inhibition (in mm) against the test bacterial strains. A broth microdilution method was used to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) according to the National Committee for Clinical Laboratory Standards. The inocula of the bacterial strains were prepared from overnight broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. A serial doubling dilutions of the testing samples were prepared in a 96/well microtiter plate over the range of 500 -0.25 μl/ml in inoculated nutrient broth (the final volume -100 μl and the final bacterial concentration was 10 6 CFU/ml in each well). The plate was incubated for 24 h at 37 °C. All experiments were performed in triplicate. Two growth controls consisting of medium with water (negative control) and medium with chloramphenicol, streptomycin and tetracycline (positive control) were also included. The microbial growth was determined by absorbance at 620 nm using the universal microplate reader (ThermoLab systems, Multiskan EX, Software for Multiscan ver.2.6.). MIC was defined as the lowest concentration of the test samples at which microorganisms showed no visible growth. In order to determine MBC, broth was taken from each well without the visible growth and inoculated on Mueller Hinton agar (MHA) for 24 h at 37 °C. The MBC is defined as the lowest concentration of the test samples at which 99.9% of inoculated microorganisms were killed.
Antimicrobial activity

Data analysis
Three analytical replicates were carried out on each sample. The concentration of phenolic compounds was measured and analyzed using one-way ANOVA. The measurements were averaged and the results are given as mean ± standard deviation (SD), calculated by the analysis of variance using the Minitab statistical package, version 15 (Minitab Inc, State College, Pennsylvania, USA).
Results and discussion
The total phenol content and radical scavenging activity in blackberry and cornelian cherry extracts are presented in Table 1 . The results show high concentrations of total phenols in all fruit extracts which is in agreement with literature data [6, 7, 16] .
In order to determine the anthocyanin profile of the investigated fruit extracts, the HPLC method was applied. The HPLC chromatograms of the investigated fruit extracts showed quite different anthocyanin composition (Figures 1 and 2) . The concentrations of these anthocyanins found in fruit extracts are shown in Table 2 . These results showed that wild blackberry fruit extract had a significantly higher total anthocyanin content comparing to the cornelian cherry fruit extract.
Cyanidin-3-galactoside, pelargonidin-3-glucoside and delphinidin-3-galactoside were anthocyanins which were only found in cornelian cherry fruit extracts ( Figure  1) . Our results of the anthocyanin qualitative composition was similar with those previously described [8] . Pelargonidin-3-glucoside was the predominant anthocyanin, followed by cyanidin-3-galactoside. Delphinidin-3-galactoside was the least abundant one and present only in 3% (Table 2) .
Blackberry extract showed the presence of only cyanidin-based compounds (Figure 2 ) which is also reported by others [9, 10] . The most abundant anthocyanin compound was cyanidin-3-glucoside which represents 85.29% of the total anthocyanin content found in blackberry extract (Table 2 ). Other detected compounds were cyanidin-3-malonyl glucoside (6.52%), cyanidin-3-rutinoside (6.11%), and cyanidin-3-arabinoside (2.07%).
There are a number of reports on the antioxidant activities of fruit extracts determined by several methods [9, 10, 17] . In order to evaluate the antioxidant activity of wild red fruits, DPPH assay was applied. The European cornel fruit extract showed lower EC50 value and indicted a higher DPPH scavenging activity than the wild blackberry fruit extract. A correlation of antioxidant activities of these extracts with their total phenolic content and anthocyanins was investigated. A significant value for the determination coefficient (R2=0.9455, p<0.001) was obtained for the correlation between the antioxidant activity and the total phenolics content and no correlation was found in the case of the antioxidant activity vs. the anthocyanin content.
The antimicrobial activity data for all investigated extracts of wild berry fruits are given in Tables 3 and 4 Table 3 . Diameters of the inhibition zone (in mm) for the extracts (50 μl/disc) Table 4 . Antibacterial (MIC) and bactericidal (MBC) activities of the extracts and reference antibiotics MIC/MBC (μg/ml)
Inhibition zone diameters of the tested wild fruits (50 μl/disc) were 11.1 -15.9 mm, which is quite significant in comparison to the reference antibiotics (from 16.0 -38 mm). The lowest activity was evaluated against the following strains: Sh. sonnei and E. coli. Generally, gram (-) bacteria showed lower inhibition zone diameters than gram (+) bacteria. The wild blackberry fruit extract was slightly more effective than the cornelian cherry fruit extract (Table 3) .
The results obtained by the microdilution method confirmed disc diffusion results in most cases. The tested fruit extracts showed the antimicrobial activity against all tested strains in the range from 62.5 -500 μg/ml (Table 4) . It can be noticed that the cornelian cherry fruit extract possesses a weaker activity, with the exception of E. coli and B. subtillis, against which it exhibited a higher activity than the wild blackberry extract. Among gram (-) bacteria, the most sensitive was S. enteritidis, while in the group of Gram (+) bacteria, they were L. inocua and S. aureus. Generally, the group of gram (-) bacteria were more resistant on the tested extracts compared to the investigated group of gram (+) bacteria. Also, it must be pointed out that in the cases of almost all tested samples, MIC was equal to MBC ( Table 4 ), meaning that the determined critical concentration of antimicrobial compounds has mostly bactericidal activity.
Fruit extracts represent a complex system rich in phenolic compounds, among them anthocyanins in a significant quantity, but also the other compounds such as ascorbic acid. The fact that total phenolic contents of the investigated extracts did not correlate with the antimicrobial activity of the extracts and, on the other hand, the presence of the correlation between the total anthocyanin content and antimicrobial activity was obvious (extracts of blackberries were rich in anthocyanins and showed a stronger antimicrobial activity) favor the suggestion that anthocyanins possess certain antimicrobial properties. These properties can be consequences of both, significant amounts of anthocyanins present in the extracts and also their effects (additive, synergistic, etc.) on other components present in complex mixtures such as extracts of wild berry fruits.
Conclusion
All investigated extracts of wild berry fruits contain a high total phenolic content and show a high antioxidant activity. These extracts were rich in quite different anthocyanins, but a phenolic group was not directly connected with their strong antioxidant activity suggesting that other compounds (other phenolics, ascorbic acid, etc.) present in the extracts are also involved in the antioxidant action. On the other hand, the antimicrobial activity of the tested extracts, mainly antibacterial, against almost all the tested bacterial strains showed certain correlations with the total anthocyanin content. These bioactivities showed that wild berry fruits can be exploited for the preparation of different nutritional and pharmaceutical ingredients.
